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THERMOELECTRIC DEVICE,
THERMOELECTRIC APPARATUS HAVING A
MULTIPLICITY OF THERMOELECTRIC
DEVICES AND MOTOR VEHICLE HAVING A
THERMOELECTRIC APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

This is a continuation, under 35 U.S.C. §120, of copending
International Application No. PCT/EP2009/060371, filed
Aug. 11,2009, which designated the United States; this appli-
cation also claims the priority, under 35 U.S.C. §119, of
German Patent Application DE 10 2008 038 985.4, filed Aug.
13, 2008; the prior applications are herewith incorporated by
reference in their entirety.

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a device for generating
electrical energy e.g. from the exhaust gas of an internal
combustion engine through the use of a generator. The gen-
erator is understood to mean, in particular, a generator for
converting thermal energy of an exhaust gas into electrical
energy, that is to say a so-called thermoelectric generator. The
invention also relates to a thermoelectric apparatus having a
multiplicity of thermoelectric devices and a motor vehicle
having a thermoelectric apparatus.

The exhaust gas from an engine of a motor vehicle has
thermal energy, which can be converted into electrical energy
through the use of a thermoelectric generator or apparatus in
order, for example, to fill a battery or some other energy
storage device or to directly feed required energy to electrical
loads. Energy is thus available to a greater extent for the
operation of the motor vehicle.

Such a thermoelectric generator includes at least a plurality
of thermoelectric converter elements. Thermoelectric mate-
rials are of such a type that they can effectively convert
thermal energy into electrical energy (Seebeck effect), and
vice versa (Peltier effect). The “Seebeck effect” is based on
the phenomenon of the conversion of thermal energy into
electrical energy and is utilized for generating thermoelectric
energy. The “Peltier effect” is the reverse of the Seebeck
effect and a phenomenon which is accompanied by heat
adsorption and is caused in relation to a current flow through
different materials. The Peltier effect has already been pro-
posed for thermoelectric cooling, for example.

Such thermoelectric converter elements preferably have a
multiplicity of thermoelectric elements positioned between a
so-called “hot side” and a so-called “cold side.” Thermoelec-
tric elements include e.g. at least two semiconductor paral-
lelepipeds (p-doped and n-doped) which are alternately con-
nected to electrically conductive bridges on their upper side
and lower side (respectively toward the “hot side” and “cold
side”). Ceramic plates or ceramic coatings and/or similar
materials serve for insulating the metal bridges and are there-
fore preferably disposed between the metal bridges. If a tem-
perature gradient is provided on the two sides of the semicon-
ductor parallelepipeds, then a voltage potential forms. On one
contact location, heat is absorbed in this case (“hot side”™),
wherein the electrons of one side pass to the energetic higher
conduction band ofthe following parallelepiped. On the other
side, the electrons can liberate energy in order to again pass to
the other side with a lower energy level (“cold side”). Con-
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2

sequently, a current flow can be established given a corre-
sponding temperature gradient.

It has already been attempted to provide corresponding
thermoelectric generators for application in motor vehicles,
in particular passenger cars. However, they have mainly been
very expensive to produce and distinguished by a relative low
efficiency. Therefore, it has not yet been possible to attain
suitability for series production. Moreover, it has been pos-
sible to determine that the known thermoelectric generators
usually demand very large structural space and can therefore
only be integrated into existing exhaust gas systems with
difficulty.

SUMMARY OF THE INVENTION

It is accordingly an object of the invention to provide a
thermoelectric device, a thermoelectric apparatus having a
multiplicity of thermoelectric devices and a motor vehicle
having a thermoelectric apparatus, which overcome the here-
inafore-mentioned disadvantages and at least partly solve the
highlighted problems of the heretofore-known devices, appa-
ratuses and vehicles of this general type. In particular, the
intention is to specify a thermoelectric device which enables
an improved efficiency with regard to the conversion of avail-
able thermal energy into electrical energy, copes with chang-
ing stresses in the exhaust gas system of mobile internal
combustion engines and is constructed very compactly.

With the foregoing and other objects in view there is pro-
vided, in accordance with the invention, a thermoelectric
device, comprising a first metal foil having a first material
thickness and a second metal foil having a second material
thickness. The first metal foil and the second metal foil define
an interspace therebetween. Electrical insulation coatings are
disposed on the first metal foil and the second metal foil and
face toward the interspace. A multiplicity of first semicon-
ductor components and second semiconductor components
are fixed in the interspace on the electrical insulation coatings
and electrically connected to one another.

The thermoelectric device proposed herein specifies, in
particular a layered or layer-like module for a thermoelectric
apparatus or a thermoelectric generator. In this case, the semi-
conductor components are disposed between two metal foils.
The term “metal foil” as used herein is intended to express, in
particular, the fact that in this case a very thin metallic wall is
provided for the thermoelectric device, in such a way that the
heat transfer or the introduction of heat toward the semicon-
ductor components is particularly favorable. Moreover, the
thermoelectric device has a very thin or very flat construction,
in such a way that in this case, too, particularly limited spaces
can be utilized for integration into a motor vehicle. If appro-
priate, the first metal foil and the second metal foil can both
fulfill different functions, in such a way that, for example, the
first metal foil forms the so-called “hot side” and should
accordingly be resistant to high temperatures. In contrast
thereto, the second metal foil could form the “cold side”, in
which case it could, for example, also be more dimensionally
stable (that is to say have a larger second material thickness)
in order to withstand the pressure of the coolant flowing past
there. Accordingly, it is preferred for the first metal foil and
the second metal foil to be constructed separately.

The two metal foils form an interspace between them, e.g.
in the manner of a sandwich. In this case, it is possible for the
interspace to be delimited solely by the metal foils. However,
this is not absolutely necessary. In this case, the interspace is
preferably substantially not higher than the semiconductor
components situated therein.
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In order to realize a targeted current flow through the first
semiconductor components and the second semiconductor
components, it is proposed to provide the metallic foils at
least partly with an electrical insulation coating, on which the
semiconductor components are fixed and electrically con-
nected to one another. In particular, at least one aluminum
oxide layer is appropriate as an insulation coating. In this
case, the coating thickness should be less than the first mate-
rial thickness and/or the second material thickness of the
metal foils, that is to say e.g. less than 300 um (micrometers).
In the case of the electrical insulation coating, care should be
taken to ensure that it does not excessively impede the heat
transfer from an outer side of the metal foil toward the semi-
conductor components. This can also be achieved, in particu-
lar, by the insulation coating actually only being provided in
the region of contact points of the semiconductor compo-
nents. In all cases, such an electrical insulation coating should
be embodied in a sufficiently impermeable fashion in such a
way that it is not permeable to the connecting device, in
particular brazing or soldering material, with the result that
electrically conductive connections toward the metal foil and/
or adjacent current paths are reliably avoided through the use
of the insulating coating.

In particular, p-doped and n-doped semiconductor materi-
als are appropriate as conductive materials for thermocouples
of thermoelements which are formed in this case with a mul-
tiplicity of first semiconductor components and second semi-
conductor components. In this case, bismuth tellurite (Bi,,
Te;) could be used. Furthermore, the following materials
could be used [with the following temperature ranges in
Kelvins]:

p-type: CsBiyTeg: Sbl; (0.005%) [approx. 225 K];
((Sby Te3)7,Biy Tez),5(Sb, Ses)s [approx. 300 K];
T1BiTeg [approx. 500 K];
GeTe,_ (AgSbTe,), [approx. 700 K];

n-type: Biggs Sbg. s [approx. 80 KJ;
(Sb,Te3)s(Biy Tes)oo(Sb Se3)s [approx. 300 K];
Bi,Te, ,Seg 5 [approx. 450 KJ;
Pby 75800 555€ [approx. 800 K]

Therefore, in the case of this thermoelectric device, the two
thin metal foils are utilized for delimiting the interspace and
for a heat transfer toward the first semiconductor components
and second semiconductor components. In this case, the first
semiconductor components and second semiconductor com-
ponents can be provided, for example, in the manner of small
parallelepipeds and/or small elongate rods composed of
material having different conductivities and can be brazed or
soldered in. Two different semiconductor components are
respectively electrically connected to one another in such a
way that they produce a series circuit. One of the two metal
foils absorbs the inflowing heat flow (“hot side™) while the
other metal foil emits the oufflowing heat flow (“cold side”™).

With regard to the construction concerning the configura-
tion and/or interconnection of the individual first semicon-
ductor components and second semiconductor components,
the type and/or shape and/or position of the first semiconduc-
tor components and/or second semiconductor components
can be adapted to the structural space, the heat flow rate, the
current conduction, etc., wherein they can, in particular, also
differ in this case. The electrical connection of the first semi-
conductor components and second semiconductor compo-
nents is, at least for a portion of the semiconductor compo-
nents, preferably embodied alternately. Therefore, a series
circuit formed by the different semiconductor components is
provided, in particular. Nevertheless, alternatively or cumu-

10

15

20

25

30

35

40

45

50

55

60

65

4

latively, a parallel circuit can also be realized, in such a way
that (at least a plurality of) semiconductor components of
identical type are electrically connected to one another.

In accordance with another feature of the invention, par-
ticular preference is given to a configuration of the thermo-
electric device wherein the first metal foil is a steel foil includ-
ing the alloying constituents chromium and aluminum and
having a first material thickness which is in the range of 30 pm
to 300 pm. The steel foil including the alloying constituents
chromium and aluminum as proposed herein is, in particular,
resistant to high temperatures and corrosion-resistant to
exhaust gases emerging from mobile internal combustion
engines. In this respect, in particular, steel foils are also pro-
posed herein such as are used in the treatment of exhaust gas
with metallic honeycomb bodies. In this case, both metal foils
having the following composition are preferred: approxi-
mately 18-25% by weight chromium, approximately 3-6% by
weight aluminum, additions of titanium, yttrium and zirco-
nium of between approximately 0.04 and 0.08% by weight
and iron as a base. In principle, it could be expedient to
embody the first metal foil with a first material thickness of up
to 2 mm, for example, but preference is also given, in particu-
lar, to the range of 50 pm to 300 pm. In this case, it is
simultaneously possible to provide a good heat transfer and
secondly a sufficient stability for the thermoelectric device.
The second material thickness of the second metal foil can be
chosen independently of this, but should likewise not exceed
2 mm and should, in particular, be greater than the first mate-
rial thickness.

In accordance with a further feature of the invention, with
regard to the first metal foil, it can additionally be provided
that the first metal foil has a catalyst carrier layer on an outer
side facing away from the electrical insulation coating. That
can have the effect, in particular, that the first metal foil
through its outer side, comes directly into contact with the
exhaust gases of an internal combustion engine. In particular,
a zeolite layer and/or so-called washcoat are/is appropriate as
the catalyst carrier layer. Moreover, it is possible for the
catalyst carrier layer actually to include a catalyst, in particu-
lar noble metals, disposed in a manner distributed in and/or on
the catalyst carrier layer. In the case of the layer height of the
catalyst carrier layer, consideration should be given to ensur-
ing that the latter does not significantly impede the heat trans-
fer from the exhaust gas toward the semiconductor compo-
nents in the interspace of the thermoelectric device. If
appropriate, this can be compensated for by initiating exo-
thermic reactions with the catalyst on the outer side, in such a
way that additional heat can be liberated in this case on site.

In accordance with an added feature of the invention, it is
also proposed that the multiplicity of first semiconductor
components and second semiconductor components are elec-
trically connected to one another through the use of brazing or
soldering material on the insulation coating. In this case, it is
preferred for the brazing or soldering points serving for fixing
the semiconductor components substantially not to exceed
the cross section or the contact area of the semiconductor
components. Thus, in particular, brazing or soldering points
having an area of, for example, between 0.8 mm? and 5 mm?,
and preferably between 1 mm? and 2 mm? (square millime-
ters), should be realized. The brazing or soldering material is
preferably applied by an adhesive being printed onto the
insulation coating at the desired locations, and the metal foil
being brought into contact with pulverulant brazing or sol-
dering material which adheres to these predefined adhesive
locations. In this case, the granulation of the brazing or sol-
dering material should be chosen in such a way that the
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amount of brazing material made available is precisely suffi-
cient for the desired brazing or soldering location to be
formed.

In accordance with an additional feature of the invention, it
is advantageous for the multiplicity of first semiconductor
components and second semiconductor components to have a
component height of 1 mm to 5 mm (millimeters). This firstly
leads to a very compact configuration of the thermoelectric
device and secondly ensures a sufficient temperature difter-
ence between the first metal foil and the second metal foil
across the interspace. A component height in the range of 1 to
2 mm is especially preferred. All of the semiconductor com-
ponents will regularly have the same component height.

In accordance with yet another feature of the invention, the
first metal foil and the second metal foil are directly con-
nected to one another. In particular, brazing or soldering
connections and/or welding connections are appropriate as
direct connections. Care should be taken especially to ensure
that the connection to one another is gas-tight, that is to say
that, in particular, the penetration of exhaust gas and/or oxy-
gen into the interspace is avoided. If appropriate, additional
mechanical clamping devices and/or sealing devices can also
be used for this purpose.

In accordance with yet a further feature of the invention,
precisely in this context, it can also be expedient to embody
the interspace with a filler medium that at least partly encloses
the multiplicity of first semiconductor components and sec-
ond semiconductor components. It is especially preferred for
the filler medium to fill the entire interspace. By way of
example, a potting compound, such as silicate, for example, is
appropriate as the filler medium. Even if this variant is pre-
ferred, it is equally possible to realize other structural mea-
sures for avoiding contact between an exhaust gas and the
semiconductor components, such as e.g. also a cap, a cover, a
screen or the like.

In accordance with yet an added feature of the invention, it
is also considered to be advantageous to have at least one
layered construction. If appropriate, it is also possible for a
portion of the first semiconductor components and second
semiconductor components or it also possible for all of the
semiconductor components, to be constructed in a layered
manner. Since a particularly filigree thermoelectric device
can be produced in this case, the layered application e.g.
through the use of printing, of the material onto the metal foils
can be realized particularly simply and process-reliably.

With the objects of the invention in view, there is further-
more provided a thermoelectric apparatus, comprising a mul-
tiplicity of thermoelectric devices according to the invention
constructed as layered modules disposed opposite to one
another. The first metal foils delimit hot channels and the
second metal foils delimit cold channels.

The thermoelectric apparatus, then, in other words prefer-
ably includes a plurality of layers one above another, wherein
the orientation of the devices alternates, in such a way that
first metal foils delimit hot channels and second metal foils
delimit cold channels, always in pairs. With regard to the
channels, it is possible for only individual channels to be
formed between the individual devices, but it is also possible
to form a multiplicity of such channels, for example through
the use of corresponding separating structures. It is also pos-
sible, in particular with regard to the cold channels, for the
latter to be embodied with additional pipes.

With the objects of the invention in view, there is concomi-
tantly provided a motor vehicle, comprising an internal com-
bustion engine, an exhaust gas system, a water cooling circuit,
and a thermoelectric apparatus according to the invention.
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The exhaust gas system is connected to the hot channels and
the water cooling circuit is connected to the cold channels.

Other features which are considered as characteristic for
the invention are set forth in the appended claims, noting that
the features individually presented in the claims can be com-
bined with one another in any technologically expedient man-
ner and indicate further configurations of the invention.

Although the invention is illustrated and described herein
as embodied in a thermoelectric device, a thermoelectric
apparatus having a multiplicity of thermoelectric devices and
a motor vehicle having a thermoelectric apparatus, it is nev-
ertheless not intended to be limited to the details shown, since
various modifications and structural changes may be made
therein without departing from the spirit of the invention and
within the scope and range of equivalents of the claims.

The construction and method of operation of the invention,
however, together with additional objects and advantages
thereof will be best understood from the following descrip-
tion of specific embodiments when read in connection with
the accompanying drawings.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

FIG. 1 is a fragmentary, diagrammatic, cross-sectional
view of an embodiment variant of a thermoelectric device;
and

FIG. 2 is a plan view of a motor vehicle having an embodi-
ment variant of a thermoelectric apparatus.

DETAILED DESCRIPTION OF THE INVENTION

Referring now in detail to the figures of the drawing for
explaining the invention and the technical field in more detail
by showing particularly preferred structural variants to which
the invention is not restricted, and first, particularly, to FIG. 1
thereof, there is seen an embodiment variant of a thermoelec-
tric device 1. The thermoelectric device 1 has a hot side
(identified by a black arrow) at the top and a cold side (iden-
tified by a white arrow) at the bottom.

The thermoelectric device 1 is delimited on the outside by
a first metal foil 2 and a second metal foil 4. A fragmentary
portion of a catalyst carrier layer 11 having a catalyst 23 is
illustrated on an outer side 10 of the first metal foil 2. The first
metal foil 2 is embodied with a first material thickness 3,
which is very thin, for example in a range of 50 um to 300 um,
in order to enable good thermal transfer toward an interspace
6 on the hot side. By contrast, the second metal foil 4 is
embodied in this case with a larger second material thickness
5, for example in a range of 120 um to 2 mm. Both the first
metal foil 2 and the second metal foil 4 are provided in this
case with an electrical insulation coating 7 facing toward the
interior space 6.

Thermocouples are formed on the electrical insulation
coatings 7. For this purpose, first (p-doped) semiconductor
components 8 and second (n-doped) semiconductor compo-
nents 9 are fixed and electrically connected to one another
(alternately in series) through the use of brazing or soldering
material 12 on the insulation coatings 7. In order to provide a
particularly compact configuration, it is proposed that the first
semiconductor components 8 and the semiconductor compo-
nents 9 have a component height 13 of 1 mm to 5 mm. The
interspace 6 has also a filler medium 14 disposed therein that
at least partly encloses the multiplicity of first semiconductor
components 8 and second semiconductor components 9.

FIG. 2 is intended to diagrammatically illustrate the inte-
gration of the thermoelectric device 1 into a motor vehicle 19.
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In this case, a thermoelectric apparatus 15 is formed with a
plurality of the thermoelectric devices 1 in such a way that the
thermoelectric devices 1 are embodied in the manner of layer
modules 16 which are disposed in a layered manner with
respect to one another. In this case, the layer modules 16 are
disposed respectively opposite relative to one another, in such
a way that the first metal foils 2 delimit hot channels 17 and
the second metal foils 4 delimit cold channels 18. FIG. 2 also
illustrates that hot exhaust gas generated in an internal com-
bustion engine 20 flows along an exhaust gas system 21 and in
the process is led through the hot channels 17 to the environ-
ment at the right side of the figure. In order to generate a large
temperature difference between the hot side and the cold side
of the thermoelectric device, the layer modules 16 are also
brought into thermal contact on one side with cold water of a
water cooling circuit 22. In this case, the water cooling circuit
22 is connected to the cold channels 18, wherein the water
preferably flows in countercurrent with respect to the exhaust
gas. It may also be seen that the first metal foil 2 and the
second metal foil 4 of each module 16 are directly connected
to one another at the ends.

The invention claimed is:

1. A thermoelectric device, comprising:

a first metal foil having a first material thickness, said first
material thickness being in a range of from 30 um to 300
nm;

a second metal foil having a second material thickness;

said first metal foil and said second metal foil defining an
interspace therebetween;

electrical insulation coatings disposed on said first metal
foil and said second metal foil and facing toward said
interspace;

said first metal foil having an outer side facing away from
said electrical insulating coating and a catalyst carrier
layer disposed on said outer side; and

a multiplicity of first semiconductor components and sec-
ond semiconductor components fixed in said interspace
on said electrical insulation coatings and said multiplic-
ity of first semiconductor components and second semi-
conductor components being electrically connected to
one another only by brazing material disposed on said
insulation coatings.
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2. The thermoelectric device according to claim 1, wherein
said first metal foil is a steel foil including chromium and
aluminum alloying constituents.

3. The thermoelectric device according to claim 1, wherein
said multiplicity of first semiconductor components and sec-
ond semiconductor components each have a component
height of 1 to 5 mm.

4. The thermoelectric device according to claim 1, wherein
said first metal foil and said second metal foil are directly
connected to one another.

5. The thermoelectric device according to claim 1, which
further comprises a filler medium disposed in said interspace
and at least partly enclosing said multiplicity of first semi-
conductor components and second semiconductor compo-
nents.

6. The thermoelectric device according to claim 1, wherein
at least a portion of said first semiconductor components or
second semiconductor components has a layered construc-
tion.

7. A thermoelectric apparatus, comprising:

a multiplicity of thermoelectric devices according to claim

1 constructed as layered modules disposed opposite to
one another;

said first metal foils of at least some of said layered mod-

ules defining hot channels therebetween; and

said second metal foils of at least some of said layered

modules defining cold channels therebetween.

8. A motor vehicle, comprising:

an internal combustion engine;

an exhaust gas system connected to said internal combus-

tion engine;
a water cooling circuit;
athermoelectric apparatus including a multiplicity of ther-
moelectric devices according to claim 1 constructed as
layered modules disposed opposite to one another;

said first metal foils of at least some of said layered mod-
ules defining hot channels therebetween;

said second metal foils of at least some of said layered

modules defining cold channels therebetween;

said exhaust gas system being connected to said hot chan-

nels; and

said water cooling circuit being connected to said cold

channels.



